We compare a single layer metamaterial quarter-wave plate with a meanderline polarizer. They achieve 99.9% and 99.6% circular polarization at 639 GHz, respectively. These results highlight the large degree of birefringence exhibited by metamaterial structures. 
Introduction
We present a comparison of metamaterial and meanderline quarter-wave plates (QWP) designed to function at a center frequency of 639 GHz. Both structures are highly birefringent as demonstrated by their ability to achieve quarter-wave phase retardation for structures that are only 70µm (meanderline) and 20µm (metamaterial) thick. We demonstrate through simulation and experiment that the metamaterial and meanderline QWP are both able to achieve a high degree of circular polarization at the designed frequency. In particular, at 639 GHz the meanderline was simulated at 99.8% and measured at 99.6% circular polarization, while the metamaterial was simulated at 100% and measured at 99.9%. The meanderline achieves a broader bandwidth with a circular polarization of 99% from 615 -743 GHz while the metamaterial was measured over 99% from 626 -660 GHz. Thus, both are broad enough for use with CW sources. As the metamaterial is only a single layer structure, we believe its ease of fabrication makes it a more attractive choice for CW use. Our structures, consisting of Au and polyimide have the additional advantages of being compact, flexible, and easily fabricated over large areas using standard microfabrication processing. Finally, while we focus on quarter-wave plates, we note that it is possible to achieve almost any desired degree of polarization. For example, half-wave plates are possible with two layers of metamaterials or four layers of meanderline. o with respect to the x and y axes, the transmitted field will be circularly polarized. The metamaterial unit cell is 163µm x 163µm and the meanderline is 67.8µm x 170µm. Note that the meanderline structure requires two layers of gold to achieve the same rotation as a single layer of metamaterial. 
Fabrication
The samples were fabricated by conventional photolithographic methods. For the metamaterial, 10mm of polyimide was spin-coated on a polished silicon wafer. Then, 200-nm thick gold metamaterials were patterned on the polyimide. Finally, another 10mm polyimide layer was applied as a dielectric cap. The fabrication of the meanderline is similar, except that there are two meanderline layers separated by a 46mm polyimide spacer. The first layer was patterned on 11mm of polyimide, and 13mm of polyimide was capped on top. As a last step, the samples were pealed off of the silicon substrate. The metamaterial unit cell is 163µm x 163µm, the meanderline is 67.8µm x 170µm, and the overall size of the measured samples was 1cm x 1cm.
Characterization
The structures were simulated using CST Microwave Studios and tested using THz Time Domain Spectroscopy [1] . In both cases, the method was similar. The samples were oriented such that the x-axis was parallel with the incident linear polarization and then the complex transmission was determined. The sample was rotated and the same measurement was conducted on the y-axis. Since the x and y axes are the birefringent axes of the sample, these two measurements describe the sample completely. For ease of interpretation, the results were converted to Stokes parameters [2] , and the percent circular polarization was obtained as shown in Figure 2 .
Discussion
The metamaterial produces circular polarization due to dipole resonances in the x and y axes at 424 and 876 GHz, respectively. With the incident electric field polarized at 45 o with respect to the x axis, the electric field will be decomposed between these two axes. At 639 GHz, the electric field along the x axis will be advanced in phase, while the field along the y axis will be retarded. These dipoles create a nearly constant phase shift between the two components, but also make the sample highly dichroic. As a result, the metamaterial has a narrower bandwidth than the meanderline (Fig. 2) . The operation of the meanderline has previously been described elsewhere [3] .
The two QWPs each have advantages over each other. The metamaterial has a more constant phase shift, is one third the thickness, and a greater peak polarization percentage, while the meanderline has a greater bandwidth of operation and a larger transmission magnitude. However, due to the fact that the metamaterial is only a single layer, and therefore much easier to fabricate, we believe it is the CW QWP of choice.
Conclusion
In conclusion, we have fabricated and tested meanderline and metamaterial THz quarter-wave plates. While the traditional meanderline is superior in bandwidth and magnitude of transmission, the metamaterial is easier to fabricate since it consists of only one active Au layer, has a more consistent phase shift, and a greater peak polarization percentage. Specifically, the metamaterial achieves 99.8% circular polarization at the designed frequency, with a broad enough bandwidth for use with CW sources.
